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ࢇࣔࢹࣝື≀࡟ᑐࡍࡿ HL ࡢࡳ࡟ࡼࡿ἞⒪ຠᯝ 23-25)ࡸ⫢㌿⛣ᢚไຠᯝࡀᚓࡽࢀ
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࡟࠾࠸࡚Ᏻ඲ᛶࡀ☜ㄆࡉࢀ࡚࠸ࡿࠋࡉࡽ࡟ࠊ⏕࿨೔⌮ጤဨ఍ᢎㄆᚋࡢ⮫ᗋヨ㦂࠿
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ࡁࡿࡓࡵ⸆≀㏦㐩ࢩࢫࢸ࣒ (drug delivery system : DDS)ࡢ࢟ࣕࣜ࢔࣮࡜ࡋ࡚ᮇᚅ
ࡉࢀ࡚࠸ࡿࠋ࣏ࣜࢯ࣮࣒ࡣ୺࡟⏕యᵓᡂᡂศ࡛࠶ࡿࣜࣥ⬡㉁࠿ࡽ࡛ࡁ࡚࠸ࡿࡓ
ࡵࠊ௚ࡢ DDS〇๣࡜ẚ࡭ࡿ࡜ẘᛶࡸᢠཎᛶࡀపࡃࠊᏳ඲ᛶࡀ㧗࠸ࠋࡋ࠿ࡋࠊ㟼




















 L-α-ࢪ࣑ࣜࢫࢺ࢖ࣝ࣍ࢫࣇ࢓ࢳࢪࣝࢥࣜࣥ(L-α-dimyristoylphosphatidylcho line 






































































Fig. 2-2 Schematic representation of cationic liposomes. 
  
Phospholipid Hybrid liposomePEG Surfactant
+ Sonication













dhy=κT/ 3nηD (1) 








 ᪂つᢠࡀࢇ๣ࡢ㛤Ⓨࢆ┠ⓗ࡜ࡋ࡚ࠊࣜࣥ⬡㉁࡟ DMPCࠊ⏺㠃άᛶ๣࡟ C12(EO)21ࠊ
࢝ࢳ࢜ࣥᛶ⬡㉁࡟ 2C14EClࢆ⏝࠸࡚ㄪ〇ࡋࡓ DMPC ༢୍࣏ࣜࢯ࣮࣒ࠊࣁ࢖ࣈࣜ
ࢵࢻ࣏ࣜࢯ࣮࣒(95mol%DMPC/ 5mol%C12(EO)21 : HL21)ࠊ࢝ࢳ࣏࢜ࣥࣜࢯ࣮࣒
(87mo l%DMPC/ 5mol%C12(EO)21/ 8mol%2C14ECl : CL)ࡢ 37°CಖᏑ࡟࠾ࡅࡿ⭷┤
ᚄࡢ⤒᫬ኚ໬࡟ࡘ࠸࡚ືⓗගᩓ஘ἲ࡟ࡼࡾ᳨ウࡋࡓࠋࡲࡓࠊ⮫ᗋᛂ⏝ࢆど㔝࡟ධ
ࢀࠊㄪ〇⁐፹࡟ 5%ࣈࢻ࢘⢾⁐ᾮࢆ⏝࠸ࡓࠋ 
CL ࡢ⭷┤ᚄ(dhy)ࡢ⤒᫬ኚ໬ࢆືⓗගᩓ஘ἲ࡟ࡼࡾ ᐃࡋࡓ⤖ᯝࢆ Fig.2-3 ࡟
♧ࡍࠋDMPCࡣ୙Ᏻᐃ࡛ࠊ100nm~300nm๓ᚋࡢ⭷┤ᚄ࡛࠶ࡗࡓࠋHL-21 ࡣ㠀ᖖ
























Fig.2-3 Time course of dhy change for cationic liposomes composed of 87mol%DMPC, 
5mol%C12(EO)21 and 8mol%2C14ECl in 5% glucose solution at 37°C. 
DMPC㸸[DMPC]=1.0×10-2M 
HL㸸[DMPC]=1.0×10-2M, [C12(EO)21]=5.3×10-4M 

























๓ᚋࡢ⭷┤ᚄ࡛࠶ࡗࡓࠋHL-21 ࡣ㠀ᖖ࡟୙Ᏻᐃ࡛ㄪ〇ᚋ 7 ᪥௨㝆ࡼࡾ
800nm௜㏆ࡢ⭷┤ᚄ࡜࡞ࡾ⤒᫬ⓗ࡞⭷┤ᚄࡢቑ኱ࡀ☜ㄆࡉࢀࡓࠋCLࡣㄪ






























































 ࣄࢺ኱⭠ࡀࢇ (HCT116㸸CRL-247)⣽⬊ࡣ American Type Culture Cellection 
(ATCC)ࡼࡾ㉎ධࡋࡓࡶࡢࢆ౑⏝ࡋࡓࠋRPMI1640(Gibco BRL)㸩10% fetal bovine 
























⬊(5.0×104 cells/ml)ࢆ࢞ࣛࢫ࣎ࢺ࣒ࢹ࢕ࢵࢩ࡛ࣗ 24 ᫬㛫ᇵ㣴ࢆ⾜ࡗࡓࠋᇵ㣴ᚋࠊ







ࢪࣝࢭࣜࣥ(PS)㔞ࡢ᳨ฟࡣࠊPS ࡟㑅ᢥⓗ࡟⤖ྜࡍࡿ Annexin-V ࢆ⏝࠸࡚ࣇ࣮ࣟ
ࢧ࢖ࢺ࣓࣮ࢱ࣮࡟ࡼࡾ ᐃࡋࡓ(Fig.3-1)ࠋ 
 ᇵ㣴ࣇࣛࢫࢥ (ᇵ㣴㠃✚ 25cm2)࡟⣽⬊ࢆ 5ml ᧛✀ࡋ 24 ᫬㛫ᇵ㣴ᚋࠊ
Accutase(Innovative Cell Technologies inc.)࡛ฎ⌮ࡋᇵ㣴ࣇࣛࢫࢥ࠿ࡽ๤㞳ࢆ⾜࠸
᥇ྲྀࡋ㐲ᚰศ㞳(3000rpm/5min, 4°C)ࢆ⾜࠸ࠊὙί(2mlࡢ PBS(-)࡛ᠱ⃮)ࡋୖ⃈ࡳ
ࢆ㝖ཤࡋࡓୖࠋ ⃈ࡳ㝖ཤᚋࠊIncubation buffer(Annexin-V-FLUOS Staining Kit, Roche 
Diagnostics K.K)࡛ᕼ㔘ࡋࡓ Annexin-V(Incubation baffer㸸Annexin-V=50㸸1)ࢆ 100μl
ῧຍࡋࠊᬯᡤ࣭෭ᡤ࡟࡚ 10~15 ศᰁⰍࢆ⾜ࡗࡓࠋୖ⃈ࡳࢆ㝖ཤᚋࠊ500μl ࡢ
Incubation buffer ࢆຍ࠼ࠊᠱ⃮ࡋ ᐃヨᩱ࡜ࡋࡓࠋ ᐃヨᩱࡣࣇ࣮ࣟࢧ࢖ࢺ࣓࣮
ࢱ࣮(Epics XL system Ⅱ,Beckman Coulter K.K.)ࢆ⏝࠸࡚ PS㔞ࡢ ᐃࢆ⾜ࡗࡓࠋග


































































ࡾࢮ࣮ࢱ㟁఩ࡢ ᐃࢆ⾜ࡗࡓࠋග※࡜ࡋ࡚ He-Ne ࣮ࣞࢨ࣮ࡢ 632.8nmࡢⓎಙ⥺
ࢆฟຊ 10mW ࡛⏝࠸ࠊᩓ஘ゅ 20°࡛ ᐃࢆ⾜ࡗࡓࠋࢮ࣮ࢱ㟁఩ࡣ Smoluchowsk i
ࡢ㛵ಀᘧ(U=εζ/ 4πη)࡟ࡼࡗ࡚ồࡵࡓࠋUࡣ㟁Ẽ⛣ືᗘࠊε ࡣㄏ㟁⋡ࠊζ ࡣࢮ࣮ࢱ
㟁఩ࠊηࡣ⢓ᗘ࡛࠶ࡿࠋ 
 







࠶ࡿ NAD+ࡢ 4఩ࡢࣆࣜࢪࣥ⎔࡟⛣ࡉࢀࠊ㑏ඖయࡢ NADH࡜࡞ࡿࠋࡇࡢ NADH




















































✀ࡋࠊ24 ᫬㛫ᇵ㣴ࢆ⾜ࡗࡓᚋࠊヨᩱ⁐ᾮࢆ 10μl/wellῧຍࡋ 48 ᫬㛫ᇵ㣴ࢆ⾜ࡗ
ࡓࠋࡉࡽ࡟ࠊCell Couting Kit⁐ᾮ(WST-1, 1-Methoxy PMSΰྜᾮ,ྠே໬Ꮫ◊✲ᡤ)










3-2-9 ࢝ࢫ࣮࣌ࢫ 3, -8, -9άᛶ ᐃ 
 





-8 (Green Fluorescence, CaspaLux 8-L1D2)ཬࡧ࢝ࢫ࣮࣌ࢫ-9 (Green Fluorescence, 
CaspaLux 9-M1D2)࡟≉␗ⓗ࡞ㄆ㆑㓄ิ(IETDSG ཬࡧ LEHDG)ࢆ⺯ගⰍ⣲࡛ᶆ㆑
ࡋࡓ⺯ගᇶ㉁࡛࠶ࡿࠋ࢝ࢫ࣮࣌ࢫ-8,-9 ࡟ࡼࡾᇶ㉁㓄ิ୰ࡢ SG ཬࡧ DG ࡀษ᩿
ࡉࢀࡿ࡜ࠊ⺯ගࢆⓎࡍࡿ(Fig.3-5)55-60)ࠋ 








































 CLࡢ in vivo࡟࠾ࡅࡿ࢔࣏ࢺ࣮ࢩࢫㄏᑟࡢほᐹࡣࠊTUNELἲࢆ⏝࠸⤌⧊ษ∦
ほᐹ࡟ࡼࡾ⾜ࡗࡓ 61)ࠋ 

 ࢔࣏ࢺ࣮ࢩࢫࡀㄏᑟࡉࢀࡿ࡜ࢾࢡࣞ࢜ࢯ࣮࣒༢఩࡛ࡢ DNA ࡢ᩿∦໬ࡀ㉳ࡇ



















⣽⬊⭷ࡢ GM1㔞 ᐃࡢ⤖ᯝࢆ Fig. 3-6࡟♧ࡍࠋṇᖖ኱⭠⣽⬊࡛࠶ࡿ CCD-33Co
⣽⬊࡜ẚ㍑ࡋ࡚ HCT116 ⣽⬊ࡣ CT-Bࡢ㧗࠸⺯ගᙉᗘࡀ ᐃࡉࢀࠊGM1 㔞ࡀከ
࠸ࡇ࡜ࡀ☜ㄆࡉࢀࡓࠋ 
 ⣽⬊⭷ࡢ࣍ࢫࣇ࢓ࢳࢪࣝࢭࣜࣥ㔞 ᐃࡢ⤖ᯝࢆ Fig. 3-7࡟♧ࡍࠋCCD-33Co⣽
⬊࡜ẚ㍑ࡋ࡚ HCT116 ⣽⬊ࡣ Annexin-V ࡢ㧗࠸⺯ගᙉᗘࡀ ᐃࡉࢀࠊ⣽⬊እ⭷
ࡢ࣍ࢫࣇ࢓ࢳࢪࣝࢭࣜࣥ㔞ࡀከ࠸ࡇ࡜ࡀ᫂ࡽ࠿࡜࡞ࡗࡓࠋ 

















Fig. 3-6 Fluorescent intensity of GM1 for CCD-33Co and HCT116 cells. 




































Fig. 3-7 Fluorescent intensity of PS for CCD-33Co and HCT116 cells.  






































Fig. 3-8 Zeta potential of HCT116 and CCD-33Co cells. 




























HL21 ཬࡧ CL ࡢࣄࢺ኱⭠(CCD-33Co)⣽⬊࡟ᑐࡍࡿ 50%ቑṪᢚไ⃰ᗘ(IC50 : 
50% Inhibitory Concentration) ࡟ࡘ࠸᳨࡚ウࡋࡓࠋ⤖ᯝࢆ Fig.3-9 ~Fig.3-10ࠊTable3-
࡟♧ࡍࠋCCD-33Co⣽⬊࡟ᑐࡍࡿ DMPCࠊHL21ཬࡧ CLࡢ IC50್ࡣࠊHCT116⣽















































Fig. 3-10 50% inhibitory concentration(IC50) of DMPC, HL21 and CL on the growth of 
HCT116 and CCD-33Co cells. Data represent the mean ± S.D. 























IC50 > 1mM 










Table 3-1 50% inhibitory concentration (IC50) of DMPC, HL and CL on the growth of 
HCT116 and CCD-33Co cells. 
 
Sample 
50% inhibitory concentration (mM) 
HCT11633) CCD-33Co 































CL ࡢ࢔࣏ࢺ࣮ࢩࢫㄏᑟ࣓࢝ࢽࢬ࣒࡟ࡘ࠸࡚ PhiPhiLux ཬࡧ CaspaLux ࡟ࡼࡿ
⣽⬊ෆ࢝ࢫ࣮࣌ࢫ-3, 8, 9 άᛶࡢࢆඹ↔Ⅼ࣮ࣞࢨ࣮㢧ᚤ㙾ࢆ⏝࠸࡚ほᐹࡋࡓ⤖ᯝ
ࢆ Fig. 3-10࡟♧ࡍࠋ෗┿࠿ࡽ᫂ࡽ࠿࡞ࡼ࠺࡟ࠊHL21ཬࡧ CL࡛ฎ⌮ࡋࡓ⣽⬊࡛
ࡣࠊPhiPhiLuxཬࡧ CaspaLuxࡢ⥳Ⰽ⺯ගࡀほᐹࡉࢀࠊ࢝ࢫ࣮࣌ࢫ-3,-8,-9ࡢάᛶ
ࡀ♧ࡉࢀࡓࠋ 
௨ୖࡢ⤖ᯝ࠿ࡽ CL ࡢ HCT116 ⣽⬊࡟ᑐࡍࡿ࢔࣏ࢺ࣮ࢩࢫㄏᑟ࡟࠾࠸࡚࢝ࢫ















Fig. 3-10 Activation of caspase-3, 8, 9 in HCT116 cells after the treatment with CL. 






























Fig. 3-11 Fluorescence micrographs of CT-B-labeled HCT116 cells treated with CL for 
10 min. 
HL : [DMPC]=11.4mM, [C12(EO)21]=0.60mM. 














 CLࡢ in vivo࡟࠾ࡅࡿ἞⒪ຠᯝࢆ᳨ウࡍࡿࡓࡵࠊnude࣐࢘ࢫࢆ⏝࠸࡚ HCT116
⣽⬊⓶ୗ⛣᳜ࣔࢹ࣐ࣝ࢘ࢫ࡟ᑐࡍࡿ἞⒪ᐇ㦂ࢆ⾜ࡗࡓࠋᢞ୚ᮇ㛫୰ࡢయ㔜 ᐃ
ࡢ⤖ᯝࢆ Fig. 3-12࡟♧ࡍࠋDMPCᢞ୚⩌ཬࡧ HL21ᢞ୚⩌ࠊCLᢞ୚⩌࡛␗ᖖ࡞
య㔜ኚ໬ࡣぢࡽࢀࡎࠊControl⩌࡜ྠᵝࡢయ㔜᥎⛣࡛⤒᫬ⓗ࡟ቑຍࡋࠊྛヨᩱࡢ
ẘᛶࡣࡳࡽࢀ࡞࠿ࡗࡓࠋ 
 ᢞ୚ᮇ㛫୰ࡢ⭘⒆య✚ ᐃࡢ⤖ᯝࢆ Fig. 3-13,࡟♧ࡍࠋᢞ୚⤊஢⩣᪥ࡢᖹᆒ⭘
⒆య✚ࡣࠊControl⩌ 1097mm3ࠊDMPCᢞ୚⩌ 672mm3ࠊHL21ᢞ୚⩌ 638mm3ࠊ
CLᢞ୚⩌ 263mm3࡜࡞ࡾࠊControl⩌࡜ẚ㍑ࡋ࡚ࠊCLᢞ୚⩌࡛⭘⒆ቑ኱࡟ᑐࡍ
ࡿ᭷ព࡞ᢚไຠᯝࡀ☜ㄆࡉࢀࡓࠋ 
 ᢞ୚⤊஢⩣᪥࡟㯞㓉ୗ࡛ゎ๗ࡋ࡚⭘⒆ほᐹࢆ⾜ࡗࡓ⤖ᯝࢆ Fig. 3-14 ࡟♧ࡍࠋ
⫗║ⓗほᐹ࠿ࡽࠊControl⩌࡟ẚ࡭ࠊCLᢞ୚⩌࡛ࡣ⭘⒆ࡀ⣙ 1/2ࡢ኱ࡁࡉ࡜࡞ࡗ
࡚࠾ࡾࠊ㢧ⴭ࡞἞⒪ຠᯝࡀ᫂ࡽ࠿࡜࡞ࡗࡓࠋ 
 ⭘⒆㔜㔞ࡢ ᐃ⤖ᯝࢆ Fig. 3-15 ࡟♧ࡍࠋ⭘⒆ࡢᖹᆒ㔜㔞ࡣࠊControl⩌ 0.3gࠊ
DMPCᢞ୚⩌ 0.34gࠊHLᢞ୚⩌ 0.27gࠊCLᢞ୚⩌ 0.1g (p <0.05)࡛࠶ࡾࠊControl
⩌࡜ẚ㍑ࡋ࡚ CLᢞ୚⩌࡛ࡣ 1/ 3࡜࡞ࡿ㢧ⴭ࡞἞⒪ຠᯝࡀ᫂ࡽ࠿࡜࡞ࡗࡓࠋ 

















Fig. 3-12 Body weight change in xenograft model mice treated with CL after 

































Fig. 3-13 Suppression of tumor growth in xenograft model mice treated with CL after the 
inoculation of HCT116 cells. 







































Fig. 3-14 Photographs of tumor in xenograft model mice treated with CL after the 


















Fig.3-15 Tumor weight of xenograft model mice treated with CL after the inoculation of 
HCT116 cells. 
















































Fig. 3-16 Micrographs of subcutaneous tumor in xenograft model mice treated with CL 
using TUNEL method. 















1. HCT116⣽⬊ࡣ CCD-33Co⣽⬊࡜ẚ㍑ࡋࠊGM1㔞ཬࡧ PS㔞ࡀከ࠸ࡇ࡜ࡀ
᫂ࡽ࠿࡜࡞ࡾࠊ⣽⬊⭷⾲㠃ࡣ࢔ࢽ࢜ࣥᛶ࡟ᐩࢇ࡛࠸ࡿࡇ࡜ࡀ᫂ࡽ࠿࡜࡞ࡗࡓࠋ




2. Control࡛ࡣ࢝ࢫ࣮࣌ࢫ-3, 8, 9ࡢάᛶ໬ࢆ♧ࡍ PhiPhiLuxཬࡧ CaspaLux
ࡢ⥳Ⰽ⺯ගࡀほᐹࡉࢀࡎࠊCL ࡛ฎ⌮ࡋࡓ⣽⬊࡛ࡣࠊ⥳Ⰽ⺯ගࡀほᐹࡉࢀࠊ




ࡧ࢝ࢳ࢜ࣥ HL ࡛ࡣ⣽⬊⭷ࡢ୙ᆒ୍໬ࡀ☜ㄆࡉࢀࠊ≉࡟ CL ࡛ࡣⴭࡋ࠸୙




DMPC ᢞ୚⩌ཬࡧ HL ᢞ୚⩌ࠊCL ᢞ୚⩌࡛␗ᖖ࡞య㔜ኚ໬ࡣぢࡽࢀࡎࠊ
Control ⩌࡜ྠᵝࡢయ㔜᥎⛣࡛⤒᫬ⓗ࡟ቑຍࡋࡓࠋࡲࡓࠊ⓶ୗ⭘⒆య✚࡛
ࡣ Control ⩌࡜ẚ㍑ࡋ࡚ࠊCL ᢞ୚⩌࡛᭷ព࡞⭘⒆ቑ኱ࡢᢚไຠᯝࡀ☜ㄆ
ࡉࢀࡓࠋ⫗║ⓗほᐹ࠿ࡽ Control⩌࡟ẚ࡭ࠊCLᢞ୚⩌࡛ࡣ⭘⒆ࡢ኱ࡁࡉࡀ




















































 ᮏ❶࡛ࡣࠊ࢝ࢳ࣏࢜ࣥࣜࢯ࣮࣒ࡢ CA19-9 ࢆ⭘⒆࣐࣮࣮࢝࡜ࡍࡿ⮅⮚ࡀࢇ἞
⒪࡬ࡢᛂ⏝ࢆ┠ⓗ࡜ࡋࠊࣜࣥ⬡㉁(DMPC)ࠊPEG ⣔⏺㠃άᛶ๣(C12(EO)21)࠾ࡼ




























































 ࣄࢺ⮅⮚ࡀࢇ(BxPC-3 : CRL1687)⣽⬊ࡣ⾜ၟࣇ࢓࣮࣐࢖ࣥࢱ࣮ࢼࢩࣙࢼࣝᰴᘧ
఍♫ (ATCC)ࡼࡾ㉎ධࡋࡓࡶࡢࢆ౑⏝ࡋࡓࠋRPMI1640(Gibco BRL)+10% fetal 





 ࣛࢵࢺ⏤᮶ṇᖖ⮅⮚⣽⬊ࡣࠊࣛࢵࢺ(Jcl : Wistarࠊ㞝ࠊ᪥ᮏࢡࣞ࢔)ࡢ⥲⫹⟶ࡼ
ࡾࢥࣛࢤࢼ࣮ࢮࢆὀධࡋࡓᚋ࡟ࠊ⮅⮚ࢆ᦬ฟࡋࠊࢥࣛࢤࢼ࣮ࢮ⁐ᾮ୰࡛᣺┞ᇵ㣴
ࢆ⾜ࡗࡓᚋࡣࡉࡳࢆ⏝࠸࡚⣽࠿ࡃࡋࡓࠋࡑࡢᚋࠊ70μmࢼ࢖ࣟࣥࢭࣝࢫࢺࣞ࢖ࢼ




 ࣄࢺ⮅⮚⣽⬊ࡢ࢞ࣥࢢࣜ࢜ࢩ(GM1)㔞ࢆ 3-2-5࡜ྠᵝࡢ᪉ἲ࡛ ᐃࡋࡓࠋ 
 ࣄࢺ⮅⮚ࡀࢇ(BxPC-3)⣽⬊ཬࡧࣛࢵࢺ⏤᮶ṇᖖ⮅⮚⣽⬊(5.0×104 cells/ ml)ࢆ᧛
✀ᚋ 24᫬㛫ᇵ㣴ࡋࡓࠋࡑࡢᚋࠊCell Scraper࡛ᅇ཰ࡋ PBS(-)࡛ὙίࠊCholera toxin-











 ࣄࢺ⮅⮚⣽⬊ࡢ PS㔞ࢆ 3-2-6࡜ྠᵝࡢ᪉ἲ࡛ ᐃࡋࡓࠋ 
 ࣄࢺ⮅⮚ࡀࢇ(BxPC-3)⣽⬊ཬࡧࣛࢵࢺ⏤᮶ṇᖖ⮅⮚⣽⬊ࢆ᧛✀(5.0×104 cells/ 
ml)ᚋࠊ24 ᫬㛫๓ᇵ㣴ࢆ⾜ࡗࡓࠋᇵ㣴ᚋࠊ⣽⬊ࢆ Accutase(Innovative Cell 
Technologies inc.)ࢆ⏝࠸࡚⣽⬊ࢆ๤㞳ࡉࡏ㐲ᚰศ㞳(3000 rpm/ 5min, 4 °C)ࢆ⾜࠸
Ὑί(PBS(-) 2 ml)ࡋࡓࠋࡑࡢᚋ Incubation buffer(Annexin-V-FLUOS Staining Kit, 
Roche Diagnostics K.K.)࡛ᕼ㔘ࡋࡓ Annexin- V(Incubation buffer : Annexin- V =50 : 
1)ࢆ 100 μlῧຍࡋࠊᬯᡤ࣭ ෭ᡤ࡛ 30ศ㛫ᰁⰍࢆ⾜ࡗࡓୖࠋ ⃈ࡳࢆ㝖ཤࡋࡓࡢࡕࠊ




















ᛂᚋࠊ࣐࢖ࢡࣟࣉ࣮ࣞࢺ࣮ࣜࢲ࣮(EmaxࠊMolecular Devices Co.)ࢆ⏝࠸࡚ 450nm
ࡢ྾ගᗘࢆ ᐃࡋࡓࠋ⣽⬊ቑṪᢚไຠᯝࡣヨᩱࢆῧຍࡋࡓሙྜࡢ྾ගᗘ(AMean)࡜
ࢥࣥࢺ࣮ࣟࣝࡢ྾ගᗘ(AControl)ࡢẚ(AMean)/ (AControl)ࡼࡾホ౯ࡋࡓࠋ50㸣ቑṪᢚไ














4-2-11  TUNELἲ࡟ࡼࡿ࢔࣏ࢺ࣮ࢩࢫࡢ᳨ฟ  
 
 ⮅⮚ࡀࢇ⣽⬊࡟ᑐࡍࡿ࢝ࢳ࣏࢜ࣥࣜࢯ࣮࣒ࡢ࢔࣏ࢺ࣮ࢩࢫㄏᑟࢆ TUNEL 
assay70,71)࡟ࡼࡗ࡚ホ౯ࡋࡓࠋ 
 TUNEL assayࡣࠊ⣽⬊ࡀ࢔࣏ࢺ࣮ࢩࢫࡍࡿ㝿࡟⏕ࡌࡿ᩿∦໬ DNAࢆ᳨ฟࡍࡿ
᪉ἲ࡛࠶ࡿࠋ࢔࣏ࢺ࣮ࢩࢫࡀㄏᑟࡉࢀࡿ࡜࢚ࣥࢻࢾࢡࣞ࢔࣮ࢮάᛶ࡟ࡼࡗ࡚ࢾ
ࢡࣞ࢜ࢯ࣮࣒༢఩࡛ DNA ᩿∦໬ࡀ㉳ࡇࡿࠋࡑࡇ࡛⏕ࡌࡓ double-stranded-break




⮅⮚ࡀࢇ(BxPC-3)⣽⬊ࢆ glass bottom dish࡟᧛✀(5.0×104cells/ ml)ࡋ 24᫬㛫๓
ᇵ㣴ࡋࡓࠋࡑࡢᚋࠋྛヨᩱࢆῧຍࡋࠊࡉࡽ࡟ 48᫬㛫ᇵ㣴ࡋࡓࠋᇵ㣴⤊஢ᚋࠊ࣍
࣐ࣝࣜࣥࢆ 1mlῧຍࡋࠊᐊ ࡛ 30ศᅛᐃࠋࡑࡢᚋࠊ࣐࣍ࣝࣜࣥࢆ㝖ཤࡋ PBS(-)1ml
࡛ὙίࡋࡓࠋὙίᚋࠊᾐ㏱໬⁐ᾮ(0.1%ࢡ࢚ࣥ㓟ᾐ㏱໬⁐ᾮ(0.1%Triton-X))1mlࢆ
ῧຍࠊ㐽ගࡋ 4°C࡛ 2ศ㛫ฎ⌮ࡋࡓࠋฎ⌮ᚋࠊPBS(-)࡛ὙίࠊPositive Control࡟
ࡣ DNaseⅠ⁐ᾮ 50μlࢆຍ࠼ࠊᐊ ࡛ 10ศ㛫ฎ⌮ࠋPBS(-)࡛ὙίࡋࠊNegative ௨እ
࡟ TUNEL཯ᛂΰྜᾮ 50μlࠊNegative࡟ࡣ㓝⣲ࢆྵࡲ࡞࠸ TUNEL཯ᛂᾮࢆຍ࠼
60ศ㛫 37°C࡛ᇵ㣴ࡋࡓࠋࡑࡢᚋὙίࠊTO-PRO-3 100μlࢆῧຍࠊ㐽ගࡋ 20ศฎ
⌮ࡋࡓࠋὙίࡋ࡚ PBS(-)ࢆ 1mlຍ࠼ඹ↔Ⅼ࣮ࣞࢨ࣮㢧ᚤ㙾࡛ほᐹࡋࡓࠋග※࡟
ࡣ Ar࣮ࣞࢨ࣮(488nm)࡜ He-Ne࣮ࣞࢨ࣮(633nm)ࢆ౑⏝ࡋࠊ୍ᐃἼ㛗㡿ᇦ(FITC : 
500~550nm, TO-PRO-3 : 640~700nm)ࡢ⠊ᅖ࡛⺯ගほᐹࢆ⾜ࡗࡓࠋ 
 
4-2-12 ࣇ࣮ࣟࢧ࢖ࢺ࣓࣮ࢱ࣮࡟ࡼࡿ DNAྵ㔞 ᐃ 
 
Propidium Iodide(PI)ࡣࠊDNA ࡢ஧ᮏ㙐࡟ᯫᶫⓗ࡟⤖ྜࡍࡿࡇ࡜࡟ࡼࡾ⺯ගᙉ
ᗘࡀ࠾ࡼࡑ 10 ಸ࡟ቑᙉࡍࡿࠋࡼࡗ࡚ DNA㔞࡟ẚ౛ࡋ࡚⤖ྜࡍࡿࡇ࡜࠿ࡽࠊ⺯

ග㔞ࢆࣇ࣮ࣟࢧ࢖ࢺ࣓࣮ࢱ࣮࡛ ᐃࡍࡿࡇ࡜࡛ࠊ⣽⬊࿘ᮇࡢゎᯒࢆ⾜࠺ࡇ࡜ࡀ
࡛ࡁࡿࠋ࢔࣏ࢺ࣮ࢩࢫ࡟ࡼࡗ࡚ DNA ࡢ᩿∦໬ࡀ㉳ࡇࡿ࡜ࠊDNA 㔞ࡀపୗࡍࡿ
ࡓࡵ G1ᮇࡢ⣽⬊ࡼࡾࡶప࠸⺯ගᙉᗘࢆ♧ࡍࡓࡵࠊ࢔࣏ࢺ࣮ࢩࢫ⣽⬊ࢆ ᐃࡍࡿ
ࡇ࡜ࡀ࡛ࡁࡿࠋPI assayࡣ TUNEL assay࡜ྠᵝ࡟᩿∦໬ࡋࡓ DNAࢆ᳨ฟࡍࡿ᪉
ἲ࡛࠶ࡿ 72)ࠋ 
 BxPC-3 ⣽⬊ࢆ 35mmᇵ㣴ࣇࣛࢫࢥ࡟᧛✀(5.0×104cells/ ml)ࡋࠊ24 ᫬㛫๓ᇵ㣴














 ࢝ࢫ࣮࣌ࢫ-3, -8, -9ࡢάᛶࡢほᐹࡣࠊ3-2-9࡜ྠᵝࡢཎ⌮࡛⾜ࡗࡓࠋ 
BxPC-3⣽⬊ࢆ grass bottom dish࡟᧛✀(5.0×104cells/ ml)ࡋࠊ24᫬㛫๓ᇵ㣴ࡋࡓࠋ

























BxPC-3⣽⬊ࢆ 100mm dish࡟᧛✀(5.0×104cells/ ml)ࡋࠊ24᫬㛫๓ᇵ㣴ࡋࡓࠋᇵ
㣴ᚋࠊྛヨᩱࢆῧຍࡋࠊࡉࡽ࡟ 48 ᫬㛫ᇵ㣴ࡋࡓࠋᇵ㣴⤊஢ 30 ศ๓࡟ PBS(-)࡛














P =(Ivv-GfIvh)/(Ivv+GfIvh)…(1)         Gf=Ivh/Ihh…(2) 
 
 
Fig. 4-2 Principle offluorescence depolarization method. 
೫ග
Excitation : 357 nm





























 BxPC-3⣽⬊ࡢ GM1㔞ࡢ ᐃ⤖ᯝࢆ Fig.4-6࡟♧ࡍࠋṇᖖ⮅⮚⣽⬊࡜ẚ㍑ࡋ࡚
BxPC-3 ⣽⬊࡛ࡣࠊCT-Bࡢ⺯ගᙉᗘࡀ⣙ 3 ಸ㧗࠸ࡇ࡜ࡀ᫂ࡽ࠿࡜࡞ࡾࠊBxPC-3
⣽⬊ࡢ⣽⬊⭷࡟ GM1ࡀከ࠸ࡇ࡜ࡀ☜ㄆࡉࢀࡓࠋ 
 BxPC-3 ⣽⬊ࡢ࣍ࢫࣇ࢓ࢳࢪࣝࢭࣜࣥ(PS)㔞ࡢ ᐃ⤖ᯝࢆ Fig.4-7 ࡟♧ࡍࠋṇ




 ࣮ࣞࢨ࣮ࢻࢵࣉ࣮ࣛἲ࡟ࡼࡿ⣽⬊⭷⾲㠃㟁Ⲵ఩ࡢ ᐃ⤖ᯝࢆ Fig.4-8 ࡟♧
ࡍࠋṇᖖ⮅⮚⣽⬊࡜ẚ㍑ࡋ࡚ BxPC-3⣽⬊ࡣ⣽⬊⭷⾲㠃㟁Ⲵࡀ⣙ 2ಸపࡃࠊ⣽
⬊⭷⾲㠃ࡀ࢔ࢽ࢜ࣥᛶ࡟Ⲵ㟁ࡋ࡚࠸ࡿࡇ࡜ࡀ᫂ࡽ࠿࡜࡞ࡗࡓࠋ 
 ࡲࡓࠊ⮅⮚ࡀࢇ⣽⬊࡟ CLࢆῧຍࡋࡓ㝿ࡢ⣽⬊⭷⾲㠃㟁Ⲵࡢ ᐃ⤖ᯝࢆ Fig. 
4-9࡟♧ࡍࠋCLῧຍᚋࠊBxPC-3⣽⬊ࡢ⾲㠃㟁Ⲵࡀࣉࣛࢫഃ࡬ 20mV⛬ࢩࣇࢺ
ࡍࡿࡇ࡜ࡀ᫂ࡽ࠿࡜࡞ࡗࡓࠋ 































Fig.4-6 Fluorescent intensity of GM1 for BxPC-3 and normal pancreatic cells. 















































Fig.4-7 Fluorescent intensity of PS for BxPC-3 and normal pancreatic cells. 




























































Fig.4-8 Zeta potential of BxPC-3 and normal pancreatic cells. 











































Fig. 4-9 Zeta potential of BxPC-3 at 1 and 3 hour after 
addition of CL. 

























Ṫᢚไຠᯝࡢ᳨ウ࡜ࡋ࡚ 50㸣ቑṪᢚไ⃰ᗘ (IC50 : 50% Inhibitory 
Concentration)ࡢ ᐃࢆ⾜ࡗࡓࠋ⤖ᯝࢆ Fig.4-10 ,Table 4-1࡟♧ࡍࠋDMPC༢
୍࣏ࣜࢯ࣮࣒ࠊHL࠾ࡼࡧ CLࢆῧຍࡋࡓṇᖖ⮅⮚⣽⬊࡟ᑐࡋ࡚ࠊ඲࡚ࡢヨᩱ࡟































Fig. 4-10 50% inhibitory concentration (IC50) of CL on the growth for BxPC-3 and 
normal pancreatic cells. 
















Normal pancreatic  cells BxPC-3 cells
ː
ː










Table 4-1 50% inhibitory concentration (IC50) of DMPC, HL and CL on the growth of 
BxPC-3 and normal pancreatic cancer cells. 
 
Sample 
50% inhibitory concentration (μM) 
BxPC-3 Normal pancreatic cancer 




[DMPC] > 1000. 





[DMPC] > 1000 
[C12(EO)21] > 1000 
[2C14ECl] > 1000 








࡟ࡼࡿほᐹ⤖ᯝࢆ Fig.4-11 ࡟♧ࡍࠋCL /NBDPC ࢆῧຍࡋࡓ⣽⬊࡛ࡣῧຍᚋ 1
᫬㛫࠿ࡽ BxPC-3⣽⬊࡬ࡢ⵳✚ࡀ☜ㄆࡉࢀࠊDMPC༢୍࣏ࣜࢯ࣮࣒/NBDPCࠊ

















































3h 2h 1h 
Fig. 4-11 Fluorescence micrographs of BxPC-3 cells treated with DMPC, HL21 and CL 
for 1, 2, 3 h. 
Scale bar : 200μm. 
CL: [DMPC]= 0.67mM, [C12(EO)21]= 0.004mM, [2C14ECl]= 0.0064M, 


























Fig. 4-12 Fluorescence micrographs of BxPC-3 cells treated with DMPC, HL21 and 
CL . 
Scale bar : 50μm. 
CL: [DMPC]= 0.67mM, [C12(EO)21]= 0.004mM, [2C14ECl]= 0.0064M, 
























Fig. 4-13 Fluorescence micrographs of normal pancreatic cells treated with DMPC, HL21 and 
CL . 
Scale bar : 50μm. 






 CL ࡢ⮅⮚ࡀࢇ(BxPC-3)⣽⬊࡟ᑐࡍࡿ࢔࣏ࢺ࣮ࢩࢫㄏᑟࢆ TUNEL assay ࠾ࡼ
ࡧ PI assay࡟ࡼࡗ᳨࡚ウࡋࡓࠋ 
 TUNEL assayࢆ⏝࠸ࡓඹ↔Ⅼ࣮ࣞࢨ࣮㢧ᚤ㙾࡟ࡼࡿほᐹ⤖ᯝࢆ Fig. 4-14 ࡟♧
ࡍࠋDMPC ༢୍࣏ࣜࢯ࣮࣒࠾ࡼࡧ HL21 ࢆῧຍࡋࡓ⣽⬊࡛ࡣ࢔࣏ࢺ࣮ࢩࢫ㝧ᛶ
ࢆ♧ࡍ⥳Ⰽ⺯ගࢆ☜ㄆ࡛ࡁ࡞࠿ࡗࡓࡀࠊCLࢆῧຍࡋࡓ⣽⬊࡛ࡣ࢔࣏ࢺ࣮ࢩࢫ㝧
ᛶࢆ♧ࡍ⥳Ⰽࡢ⣽⬊ࡀከᩘほᐹࡉࢀࡓࠋ 





 ⤖ᯝࢆ Fig. 4-16 ࡟♧ࡍࠋDMPC ༢୍࣏ࣜࢯ࣮࣒ࢆῧຍࡋࡓ⣽⬊࡛ࡣ Control
࡜ྠᵝࡢ⭷㟁఩ࢆ᭷ࡋ࡚࠸ࡓࡀࠊHL21࠾ࡼࡧ CLࢆῧຍࡋࡓ⣽⬊࡛ࡣ࣑ࢺࢥࣥ
ࢻࣜ࢔⭷㟁఩ࡢపୗࡀ㢧ⴭ࡟☜ㄆࡉࢀࡓࠋ 
CL ࡢ࢔࣏ࢺ࣮ࢩࢫㄏᑟ࣓࢝ࢽࢬ࣒࡟ࡘ࠸࡚ PhiPhiLux ࠾ࡼࡧ CaspaLux ࡟ࡼ
ࡾ⣽⬊ෆ࢝ࢫ࣮࣌ࢫ 3, 8, 9 ࡢάᛶࢆඹ↔Ⅼ࣮ࣞࢨ࣮㢧ᚤ㙾ࢆ⏝࠸࡚ほᐹࡋࡓ⤖




























































Fig. 4-14 Fluorescence micrograph of BxPC-3 cells treated with CL for 24h 
using TUNEL assay. 
Scale bar : 50μm. 
Magnification: ʹ40 






































Fig. 4-15 Apoptotic DNA rate for BxPC-3 cells treated with DMPC, HL and 
CL for 48h. 
*p < 0.05(vs. Control, DMPC). 





























Fig. 4-16 Mitochondrial transmembrane potential (Δψm) disruption of mitochondria 
in BxPC-3 cell treated with CL for 48 hours. 
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Fig. 4-17 Activation of caspase-3, -8, -9 in BxPC-3 cells treated with CL for 48h. 
Scale bar: 50μm. 





























Fig.4-18  Change in membrane fluidity for BxPC-3 cells treated with CL for 24h. 
Data represent the mean ± S.E. 
 
*p < 0.05(vs. Control). 

















 ᮏ❶࡛ࡣ 87mol%DMPC/ 5mol%C12(EO)21/ 8mol%2C14ECl ࢝ࢳ࣏࢜ࣥࣜࢯ࣮࣒



















ࡍࡿ࢔࣏ࢺ࣮ࢩࢫㄏᑟ࡟࠾࠸࡚࢝ࢫ࣮࣌ࢫ-3, -8, -9 ࡢάᛶ໬ࡀ㛵୚ࡋ࡚࠸ࡿ
ࡇ࡜ࡀ᫂ࡽ࠿࡜࡞ࡗࡓࠋ 
 































ࡀࢇࡀ㌿⛣ࡍࡿࡓࡵ࡟ࡣࠊࡲࡎࠊ⣽⬊እᇶ㉁(extracellular matrix : ECM)ࢆศ
ゎࡋ࡞ࡅࢀࡤ࡞ࡽ࡞࠸ࠋECMࡢᵓᡂ༢఩ࡣ⤌⧊࡟ࡼࡗ࡚␗࡞ࡾࠊ୺࡟ࢥ࣮ࣛࢤ
ࣥࡸ࣑ࣛࢽࣥࠊ࢚ࣛࢫࢳࣥࠊࣉࣟࢸ࢜ࢢࣜ࢝ࣥ࡞࡝ࡀ࠶ࡿࠋࡇࡢ ECMࡢศゎ










ࡣ࡞ࡃࠊෆᅉᛶ≉␗ⓗ࢖ࣥࣄࣅࢱ࣮ࡢ TIMP(tissue inhibitor of metalloproteinase)




















 ࢝ࢳ࣏࢜ࣥࣜࢯ࣮࣒ࡢㄪ〇ࡣ 2-2-3࡜ྠᵝࡢ᪉ἲ࡛⾜ࡗࡓࠋ 
 
5-2-3 Scratch assay࡟ࡼࡿ㐟㉮ᢚไヨ㦂 
 








⮅⮚ࡀࢇ⣽⬊ࢆ 6well plate࡟᧛✀(4.0×105 cells/ml)ࡋࠊ48᫬㛫๓ᇵ㣴ࡋࡓࠋᇵ㣴
ᚋࠊwellᗏ㠃ࢆ 200μlࢳࢵࣉ࡛ࡦࡗ࠿ࡁࠊὙίࡋࡓࠋࡑࡢᚋࠊᇵᆅ࡜ヨᩱࢆῧຍ





 ௬㊊ᙧᡂࡢほᐹࡣࠊ⣽⬊㦵᱁࡛࠶ࡿ F ࢔ࢡࢳࣥࢆ Acti-stain 488 Fluorescent 
Phalloidinࢆ⏝࠸࡚ᰁⰍࡋࠊඹ↔Ⅼ࣮ࣞࢨ࣮㢧ᚤ㙾࡟ࡼࡗ࡚ほᐹࡋࡓࠋ 
 ⮅⮚ࡀࢇ⣽⬊ࢆ glass bottom dish࡟᧛✀(5.0×104 cells/ml)ࡋࠊ24᫬㛫๓ᇵ㣴ࡋ
ࡓࠋᇵ㣴ᚋࠊヨᩱࢆῧຍࡋ᭦࡟ 24᫬㛫ᇵ㣴ࡋࡓࠋᇵ㣴⤊஢ᚋࠊ4%࣐࡛࣍ࣝࣜࣥ
ᅛᐃࡋࠊ0.1%Titon-X(࿴ග⣧ᙺᕤᴗओ)࡛ᾐ㏱໬ฎ⌮ࠊActi-stainTM 488 Fluorescent 
Phalloidin࡟ࡼࡗ࡚ᰁⰍࡋࡓᚋ࡟ඹ↔Ⅼ࣮ࣞࢨ࣮㢧ᚤ㙾ࢆ⏝࠸࡚ほᐹࡋࡓࠋ࡞࠾ࠊ
ྛヨᩱ⃰ᗘࡣ⣽⬊ࡢቑṪ࡟ᙳ㡪ࢆ୚࠼࡞࠸⃰ᗘ࡜ࡋࡓࠋࡲࡓࠊほᐹ࡟ࡣࠊග※࡟
He-Ne࣮ࣞࢨ࣮(Ex : 633 nm,Em 㸸649 - 740 nm)ࠊAr࣮ࣞࢨ࣮(Ex : 488 nm,Em : 

505 – 555 nm)ࢆ⏝࠸ࡓ 
 



























Fig. 5-1 Schematic representation of invasion assay. 
 
Matrigel ࢆ⿕そࡋࡓ Corning®Matrigel® Invasion Chamber 24-Well Plate 8.0 
Micron (CORNING)ࡢྛ Insert࡜ྛ Chamberࢆ↓⾑Ύᇵᆅ࡟ࡼࡾࠊ37°Cࠊ5%CO2
࢖࣮ࣥ࢟ࣗ࣋ࢱ࣮࡛ 2᫬㛫Ỉ࿴ฎ⌮ࢆ⾜ࡗࡓᚋࠊ↓⾑Ύᇵᆅࢆ㝖ཤࡋࡓࠋBxPC-



























ୗ㒊ࡢ Chamber ࡟ࡣࠊ10%FBS ྵ᭷ᇵᆅࢆẼἻࡀධࡽ࡞࠸ࡼ࠺࡟ຍ࠼ࠊ37°Cࠊ
5%CO2࢖࣮ࣥ࢟ࣗ࣋ࢱ࣮ෆ࡛ 72᫬㛫ᇵ㣴ࡋࡓࠋControl࡟ࡣࠊMatrigel insertࢆ
౑⏝ࡋࡓࠋᇵ㣴ᚋࠊinsertෆࡢ㠀ᾐ₶⣽⬊࡜Matrigelࢆ PBSࢆࡘࡅࡓ⥥Წ࡛㝖ཤ






























Fig. 5-2 Schematic representation of MT1-MMP (MMP14). 
 




࡟ࠊPBS ࡛ᠱ⃮ࡋ 4%࣐࡛࣍ࣝࣜࣥ 10 ศ㛫ᅛᐃࢆ⾜ࡗࡓࠋࡑࡢᚋࠊ㐲ᚰࡋࡓࠋ
㐲ᚰᚋ 0.1%Triton-X࡛ 5 ศ㛫ᾐ㏱໬ࢆ⾜࠸ࠊ㐲ᚰࢆ⾜ࡗࡓࠋPBS ࡛Ὑίࡋࠊୖ
⃈ࡳ㝖ཤᚋ࡟ 80μl ࡢ PBS ࡟ 20μl ࡢ FcR ᢠయ࡛ࣈࣟࢵ࢟ࣥࢢࢆ⾜࠸ࠊ෭ᬯᡤ
(4°C)࡛ 15ศ㛫ฎ⌮ࡋࡓࠋࡑࡢᚋࠊHuman MMP-14/MT1-MMP Alexa Fluor® 488-
conjugated Antibodyࢆ 5μlධࢀࠊࣆ࣌ࢵࢸ࢕ࣥࢢࡋࠊᬯᡤᐊ ࡛ 30 ศ㛫ᰁⰍࡋ
ࡓࠋᰁⰍᚋࠊ⣽⬊ࢆ㐲ᚰࡋࠊPBS(-)࡛Ὑίࢆ 2ᅇ⾜ࡗࡓࠋࡑࡢᚋ 500μlࡢ PBS (-)
ࢆຍ࠼ࠊࣇ࣮ࣟࢧ࢖ࢺࢳ࣮ࣗࣈ࡟⛣ࡋ ᐃࡋࡓࠋ 





 MMP2 ࡣ MT1-MMP ࡟ࡼࡗ࡚άᛶ໬ࡉࢀࡿ࡜ゝࢃࢀ࡚࠸ࡿࠋࡑࡢ࣓࢝ࢽࢬ࣒
ࡣࠊࡲࡎࠊ⣽⬊⾲㠃࡟࠶ࡿ MT1-MMP ࡟ Tissue inhibitor of metalloproteinases 
2(TIMP2)ࡢ࢔࣑ࣀᮎ➃ࡀ⤖ྜࡍࡿࠋḟ࡟ࠊMMP2ࡣ TIMP2ࡢ࢝ࣝ࣎࢟ࢩᮎ➃࡜
⤖ྜࡍࡿࡇ࡜࡛MT1-MMP/TIMP2/MMP2ࡢ 3ศᏊ」ྜయࢆᙧᡂࡍࡿࠋ」ྜయ୰




ୖࡢࡇ࡜࠿ࡽࠊMMP2 ࡜ MT1-MMP ࡣ⣽⬊ࡢᾐ₶࡟῝ࡃ㛵୚ࡋ࡚࠸ࡿ࡜⪃࠼ࡽ
ࢀ࡚࠸ࡿࠋ 
Fig.5-3 MMP2 activation mechanism by MT1-MMP 
 












ࡓࠋELISA kit௜ᒓࡢ 96wellࣉ࣮ࣞࢺࡢྛ well࡟ Assay diluents RD1-116ࢆ 50μl
ࡎࡘῧຍࡋࡓࠋྛ well࡟ 50μlࡎࡘࠊStandard, Control࠾ࡼࡧヨᩱࢆຍ࠼௜ᒓࡢ
ࣉ࣮ࣞࢺࢩ࣮࣮ࣛࢆ㈞ࡾࠊᐊ ࡛ 2᫬㛫࢖࣮ࣥ࢟ࣗ࣋ࢺࡋࡓࠋ2᫬㛫ᚋࠊྛ well
ෆࡢ⁐ᾮࢆ㝖ཤࡋࠊὙίࢆ 4 ᅇ⾜ࡗࡓ㸦᭱ᚋࡢὙίᚋࡣ࣒࢟ࢱ࢜ࣝ࡟㍍ࡃ྇ࡁ
ࡘࡅᾮయࢆ᏶඲࡟ྲྀࡾ㝖࠸ࡓ㸧ࠋྛ well࡟ Total MMP2-Conjugateࢆ 200μlῧຍࡋ













ELISA kit௜ᒓࡢ 96wellࣉ࣮ࣞࢺࡢྛ well࡟ Assay diluents RD1-34ࢆ 50μlࡎࡘ
ῧຍࡋࡓࠋྛ well࡟ 50μlࡎࡘࠊStandard, Control࠾ࡼࡧヨᩱࢆຍ࠼௜ᒓࡢࣉࣞ
࣮ࢺࢩ࣮࣮ࣛࢆ㈞ࡾࠊᐊ ࡛ 2᫬㛫࢖࣮ࣥ࢟ࣗ࣋ࢺࡋࡓࠋ2᫬㛫ᚋྛࠊ wellෆࡢ
⁐ᾮࢆ㝖ཤࡋࠊὙίࢆ 4 ᅇ⾜ࡗࡓ㸦᭱ᚋࡢὙίᚋࡣ࣒࢟ࢱ࢜ࣝ࡟㍍ࡃ྇ࡁࡘࡅ



























 CLࡢ BxPC-3⣽⬊࡟ᑐࡍࡿ⛣ື⬟ᢚไຠᯝࢆ Scratch assay࡟ࡼࡾࠊಽ❧ᆺ⺯
ග㢧ᚤ㙾ࢆ⏝࠸࡚ほᐹࡋ᳨ウࡋࡓࠋࡲࡓࠊImageJ ࢆ౑⏝ࡋ࡚ࠊ๤㞳㠃࡬⛣ືࡋ
ࡓ⣽⬊ࡢ㠃✚ࢆᐃ㔞໬ࡋࡓࠋ 



















Fig. 5-5 Micrographs of BxPC-3 cells treated with CL for 24h using confocal laser 
microscope. 
Scale bar: 20 μm. 






Fig. 5-6 Inhibitory effects of CL on the migration of BxPC-3 cells using wound scratch 
assay. Blue line indicate initial wound area ; orange line demarcate 
migrating cells after incubation for 24h. 
Scale bar: 250 μm. 

































Fig. 5-7 Relative scratch area of BxPC-3 cells treated with CL for 24h. 
*p < 0.05 (vs. Control, DMPC, HL). 




 CLࡢ⮅⮚ࡀࢇ(BxPC-3)⣽⬊࡟ᑐࡍࡿᾐ₶ᢚไຠᯝࡢ᳨ウࢆ Invasion assay ࢆ
⏝࠸࡚⾜ࡗࡓࠋࡲࡓࠊᾐ₶⣽⬊ᩘࡢほᐹࡣ఩┦ᕪ㢧ᚤ㙾ࢆ⏝࠸࡚⾜ࡗࡓࠋ⤖ᯝࢆ









BxPC-3 ⣽⬊ࡢศἪᆺ MMP ࡛࠶ࡿࠊMMP2 ࠾ࡼࡧ MMP9 Ⓨ⌧㔞ࡢኚ໬࡟ࡘ
࠸࡚ࠊELISAἲࢆ⏝࠸᳨࡚ウࡋࡓࠋMMP2࠾ࡼࡧMMP9㔞ࡢ ᐃࡢ⤖ᯝࢆ F ig. 




































Fig. 5-8 Inhibitory effects of CL on the invasion of BxPC-3 cells. 
Magnification㸸×20. 
[DMPC]= 0.1m M, 0.2m M, [C12(EO)21]= 0.0057m M, 0.011mM, 
[2C14ECl]= 0.009m M, 0.018 M. 
Scale bar : 50μm. 



















Fig. 5-9 Relative invaded cell number of BxPC-3 cells treated with CL for 72h.  
Data represent the mean (n=4-8) ± S.E. 
*p < 0.05(vs. Control, DMPC). 
[DMPC]= 0.1m M, 0.2m M, [C12(EO)21]= 0.0057m M, 0.011mM, 
















































Fig. 5-10 Relative expression values of MT1-MMP(MMP14) in BxPC-3 cells treated 
with CL for 24h. 
Data represent the mean (n=3) ± S.E.  
*p < 0.05(vs. Control, DMPC). 
























































Fig. 5-11 Relative expression values of MMP2 in BxPC-3 cells treated with CL for 24h 
Data represent the mean ± S.E.  
*p < 0.05(vs. Control). 




















































Fig. 5-12 Relative expression values of MMP9 in BxPC-3 cells treated with CL for 24h 
Data represent the mean ± S.E.  
*p < 0.05(vs. Control) 






















































5. CL࡛ฎ⌮ࡋࡓ BxPC-3 ⣽⬊࡛ࡣࠊMMP2 ࠾ࡼࡧ MMP9 ࡀ᭷఩࡟ῶᑡࡋࠊCL


















































































ಖࡍࡿࡓࡵ࡟ Good Laboratory Practice(GLP)ᇶ‽࡟ᚑ࠸ࠊៅ㔜࡟⾜ࢃࢀࡿ 86) 
 ᮏ❶࡛ࡣࠊ➨㸲❶࡟࠾࠸࡚ࣄࢺ⮅⮚ࡀࢇ(BxPC-3)⣽⬊࡟ᑐࡍࡿᢠ⭘⒆ຠᯝཬ























 ࣄࢺ⮅⮚ࡀࢇ(BxPC-3 : CRL1687)⣽⬊ࡣ American Type Culture Cellection (ATCC)
ࡼࡾ㉎ධࡋࡓࡶࡢࢆ౑⏝ࡋࡓࠋRPMI1640(Gibco BRL)+10% fetal bovine 




















࣐࢘ࢫ࡟⮅⮚ࡀࢇ⣽⬊ࢆ⛣᳜(5.0×106 cells/body)ࡋࠊ⛣᳜ᚋ 7 ᪥┠ࡢ⭘⒆య✚
ࢆࡶ࡜࡟ࠊᒙู↓సⅭ໬ἲ࡟ࡼࡗ࡚⩌ศࡅࢆ⾜ࡗࡓࠋ⩌ศࡅᙜ᪥ࡼࡾࠊヨᩱࢆ⭘







 CLࡢ in vivo࡟࠾ࡅࡿ࢔࣏ࢺ࣮ࢩࢫㄏᑟࡢほᐹࡣࠊTUNELἲࢆ⏝࠸⤌⧊ษ∦
ほᐹ࡟ࡼࡾ⾜ࡗࡓࠋ 































 CLࡢ in vivo࡟࠾ࡅࡿ⮅⮚ࡀࢇ⣽⬊⓶ୗ⛣᳜ࣔࢹ࣐ࣝ࢘ࢫ࡟ᑐࡍࡿ἞⒪ຠᯝ
ࢆ᳨ウࡋࡓࠋ 




య✚ࡣ Control ⩌࡛ 448mm3ࠊDMPC ᢞ୚⩌࡛ 454mm3ࠊHL21 ᢞ୚⩌࡛
396mm3ࠊCLᢞ୚⩌࡛ 125mm3࡛࠶ࡾࠊControl⩌࠾ࡼࡧ௚ࡢヨᩱᢞ୚⩌࡜ẚ
㍑ࡋ࡚ CLᢞ୚⩌࡟࠾࠸࡚㢧ⴭ࡞⭘⒆ቑ኱࡟ᑐࡍࡿᢚไຠᯝࡀᚓࡽࢀࡓࠋ 
 ᢞ୚⤊஢⩣᪥࡟ゎ๗ࡋࠊ᦬ฟࡋࡓ⭘⒆ࡢほᐹ⤖ᯝࢆ Fig. 6-4 ࡟♧ࡍࠋ⫗║ⓗ
ほᐹ࠿ࡽ Control ⩌ࠊDMPC ࠾ࡼࡧ HL21 ᢞ୚⩌࡜ẚ㍑ࡋࠊCL ᢞ୚⩌࡛ࡣ⭘
⒆ࡢ኱ࡁࡉࡀ᭷ព࡟ᑠࡉࡃ࡞ࡗ࡚࠾ࡾࠊ἞⒪ຠᯝࡀ᫂ࡽ࠿࡜࡞ࡗࡓࠋ 
᦬ฟࡋࡓ⭘⒆㔜㔞ࡢ ᐃ⤖ᯝࢆ Fig. 6-5࡟♧ࡍࠋ⭘⒆ࡢᖹᆒ㔜㔞ࡣ Control⩌







Fig. 6-2 Body weight change in xenograft mouse model of pancreatic cancer 
treated with CL after the inoculation of BxPC-3 cells. 




















Fig. 6-3 Tumor volume change in xenograft mouse models of pancreatic cancer 
treated with CL after the inoculation of BxPC-3 cells. 
*pʽ0.05 (vs. Control). 























Fig. 6-4 Photographs of tumor in mouse models of pancreatic cancer 
treated with CL after the inoculation of BxPC-3cells. 





















Fig. 6-5 Tumor weight of xenograft mouse models of pancreatic cancer treated with 
CL after the inoculation of BxPC-3 cells. 
*p<0.05(vs.Control). 





















Fig. 6-6 Micrographs of subcutaneous tumor section in xenograft mouse models of 
pancreatic cancer treated with CL using TUNEL method. 
Circle: apoptotic cells. 









 ᢞ୚⤊஢ 1᪥ᚋ࡟ゎ๗ࡋࡓ࡜ࡇࢁࠊ⭠㛫⭷ࡢᖹᆒ㔜㔞ࡣࠊControl⩌࡛ 0.219gࠊ
CLᢞ୚⩌࡛ 0.162g࡜࡞ࡾࠊControl⩌࡜ẚ㍑ࡋ࡚ CLᢞ୚⩌࡛ࡣᢠ⭘⒆ຠᯝࡀ☜
ㄆࡉࢀࡓ(Fig.6-8)ࠋ⭠㛫⭷ୖࡢ⭘⒆⤖⠇ᩘࢆ࢝࢘ࣥࢺࡋࡓ࡜ࡇࢁࠊControl ⩌࡜ẚ
㍑ࡋ࡚ CL ᢞ୚⩌࡛ࡣ⭘⒆⤖⠇ᩘࡀᑡ࡞࠿ࡗࡓ(Fig. 6-9)ࠋࡲࡓࠊ⫗║ⓗほᐹ࠿ࡽ
Control⩌࡟ẚ࡭ࠊCLᢞ୚⩌࡛ࡣ⭘⒆⤖⠇ࡢῶᑡࡀ☜ㄆࡉࢀࡓ(Fig. 6-10)ࠋ 



















Fig. 6-7 Body weight change in peritoneal dissemination model mice of pancreatic cancer 






















Fig. 6-8 Mesentery weight in peritoneal dissemination model mice of pancreatic 
cancer treated with CL after the inoculation of BxPC-3 cells. 






















Fig. 6-9 Number of tumor nodules on mesentery in mice treated CL after the 
inoculation of BxPC-3 cells. 









Fig.6-10 Photographs of mesentery in mice treated CL after the inoculation of BxPC-3 
















































































⏝࠸ㄪ〇ࡋࡓࠋືⓗගᩓ஘ἲ࡟ࡼࡿ⭷┤ᚄࡢ ᐃ࠿ࡽࠊCL ࡣ 37°C ಖᏑ࡛┤ᚄ
ࡀ⣙ 100nm࡛Ᏻᐃࡋࠊ㛗ᮇ㛫 37°C ࡛ࡢಖᏑࡀྍ⬟࡛࠶ࡿࡇ࡜ࡀ᫂ࡽ࠿࡜࡞ࡗ
ࡓࠋ 
➨ 3❶࡛ࡣࠊCLࡢࣄࢺ኱⭠ࡀࢇ(HCT116)⣽⬊࡟ᑐࡍࡿไࡀࢇຠᯝ࡟ࡘ࠸᳨࡚
ウࡋࡓࠋࣄࢺṇᖖ኱⭠(CCD-33Co)ཬࡧ HCT116⣽⬊⭷ࡢ GM1ཬࡧ PS㔞 ᐃࡼ
ࡾࠊCCD-33Co⣽⬊࡜ẚ㍑ࡋ࡚ HCT116⣽⬊ࡣ CT-Bཬࡧ Annexin-Vࡢᙉ࠸⺯ග


















➨ 4 ❶࡛ࡣࠊCLࡢ BxPC-3 ⣽⬊࡟ᑐࡍࡿไࡀࢇຠᯝ࡟ࡘ࠸᳨࡚ウࡋࡓࠋṇᖖ





ᛶ࡟ᐩࢇ࡛࠸ࡿࡇ࡜ࡀ᫂ࡽ࠿࡜࡞ࡗࡓࠋCL ࡢṇᖖ⮅⮚⣽⬊࡟ᑐࡍࡿ IC50 ࡣ
1000μM௨ୖ࡛࠶ࡾࠊ㠀ᖖ࡟పẘᛶ࡛࠶ࡗࡓ୍ࠋ ᪉ࠊCLࡢ BxPC-3⣽⬊࡟ᑐࡍࡿ

IC50ࡣ⣙ 400μM ࡜㧗࠸ቑṪᢚไຠᯝࢆ♧ࡋࡓࠋTUNEL assay࠾ࡼࡧ PI assayࢆ
⏝࠸࡚ CLࡢ BxPC-3 ⣽⬊࡟ᑐࡍࡿ࢔࣏ࢺ࣮ࢩࢫㄏᑟࢆ᳨ウࡋࡓࠋCL࡛ฎ⌮ࡋ
ࡓ⣽⬊࡛ࡣ TUNEL㝧ᛶࢆ♧ࡍ⥳Ⰽ⺯ගࡀከࡃほᐹࡉࢀࡓࠋࡲࡓࠊPI assayࡼࡾࠊ









࡛ฎ⌮ࡋࡓ BxPC-3 ⣽⬊࡛ࡣ Control࡜ẚ㍑ࡋ࡚௬㊊ࡢᙧᡂࡀぢࡽࢀࡎࠊCL ࡢ
BxPC-3 ⣽⬊࡟ᑐࡍࡿ௬㊊㜼ᐖຠᯝࡀ᫂ࡽ࠿࡜࡞ࡗࡓࠋࡲࡓࠊScratch assay࡟ࡼ
ࡾ CLࡢ BxPC-3 ⣽⬊࡟ᑐࡍࡿ㐟㉮ᢚไຠᯝ࡟ࡘ࠸᳨࡚ウࢆ⾜ࡗࡓࠋCL࡛ฎ⌮
ࡋࡓ BxPC-3 ⣽⬊࡛ࡣࠊ⣽⬊๤㞳┤ᚋ࡜ 24 ᫬㛫ᚋ࡟࠾࠸࡚⣽⬊๤㞳㠃࡟኱ࡁ࡞
ᕪࡀぢࡽࢀࡎࠊ⣽⬊ࡢ㐟㉮ࡀ㢧ⴭ࡟ᢚไࡉࢀ࡚࠾ࡾࠊCLࡢ BxPC-3 ⣽⬊࡟ᑐࡍ
ࡿ㐟㉮ᢚไຠᯝࡀ᫂ࡽ࠿࡜࡞ࡗࡓࠋࡉࡽ࡟ࠊCLࡢ BxPC-3 ⣽⬊࡟ᑐࡍࡿᾐ₶ᢚ
ไຠᯝ࡟ࡘ࠸᳨࡚ウࡋࡓࠋInvasion assay ࡟࠾࠸࡚ࠊCL ࡛ฎ⌮ࡋࡓ⣽⬊࡛ࡣ
Control ࡜ẚ㍑ࡋ࡚⃰ᗘ౫Ꮡⓗ࡟ᾐ₶ࢆᢚไࡍࡿࡇ࡜ࡀ☜ㄆࡉࢀࡓࠋࡲࡓࠊ
MMP14 㔞ࡣ CL࡛ฎ⌮ࡋࡓ⣽⬊࡛ࡣῶᑡࡍࡿࡇ࡜ࡀᚓࡽࢀࡓࠋࡉࡽ࡟ࠊELISA
࡟ࡼࡿ MMP2 ࠾ࡼࡧ MMP9 㔞࡟࠾࠸࡚ CL࡛ฎ⌮ࡋࡓ⣽⬊࡛ࡣ MMP2 ࠾ࡼࡧ
MMP9㔞ࡀῶᑡࡋ࡚࠸ࡿࡇ࡜ࡀ᫂ࡽ࠿࡜࡞ࡗࡓࠋ 















ࡋ࡚ in vitro ཬࡧ in vivo ࡛ࡢ἞⒪ຠᯝࡀ᫂ࡽ࠿࡜࡞ࡗࡓࠋࡲࡓࠊ⮅⮚ࡀࢇ(BxPC-
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